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Development of a L i f e  Detector and Analyt ical  Instruments f o r  

Planetary S o i l s  

(Report, September 1961 t o  February 1963) N 6 4  2278'3 

- /W.R  &L5w-g3 I. L i f e  Detector: 
-_  

The l i f e  de t ec t ing  instrument, chr i s tened  by Mr. Richard Davies 
of  JPL the  "Vlolf Trap", has been subjected t o  extensive design ana lys i s  
by th ree  companies who were in t e re s t ed  i n  developing a f l i g h t  model. 
Proposals  were received from Bausch and Lomb, Rochester, New York; 
Matrix Research and Development Corporation, Nashua, New Hampshire; 
and B a l l  Brothers Research Corporation, Boulder, Colorado. 
extensive evaluat ion of the  proposals by myself and Dr .  COR. Weston, 
by personnel of JPL,  and a f t e r  a vender survey conducted by JPL,  the  
proposal of Ball  Brothers was accepted. D e t a i l s  of t h e i r  proposal 
and the  time t a b l e  f o r  the  construct ion of the  f l i g h t  model of the 
Ydolf Trap a r e  contained i n  a proposal t o  be submitted t o  NASA by Apri l  
f i r s t ,  

After  

Based on the  present  plans for the  !Bolf Trap we plan t o  publ i sh  a 
paper g iv ing  technical  d e t a i l s  of i t s  construct ion.  The mater ia l  t o  be 
presented i n  t h i s  paper w i l l  also form the  substance of a r e p o r t  t o  be 
given by myself a t  a COSPAR meeting i n  Warsaw, Poland, June 1963. 

11. Chemical Analysis of  Planetary Soi ls :  . 

We have devoted some e f f o r t  t o  the  construct ion of a device which 
w i l l  be ab le  t o  charac te r ize  major so luble  cons t i t uen t s  of p lane t ray  
s o i l s .  Dr. C.R. Vieston has joined t h i s  labora tory  and i s  working on 
t h i s  p ro jec t .  
i l l u s t r a t e d  i n  fugure 1. 

The p r inc ip l e  of t h i s  device i s  out l ined  below and 

Analysis i s  ca r r i ed  ou t  by paper chromatography ; the  information 
t ransmi t ted  i s  the  R of individual  spots .  The chromatography paper 
i s  suppl ied a s  one continuous s t r i p ,  impregnated with a narrow s t r i p  
of hydrophobic mater ia l  t o  d iv ide  it i n t o  u n i t  l engths  (one u n i t  
l eng th  = d i s t ance  from A t o  B). 

f 

The apparatus  can s e l e c t  on command a v a r i e t y  of l i q u i d s  with which 
t o  e x t r a c t  a s o i l  sample, a va r i e ty  of spray reagents  t o  make spots  
v i s i b l e ,  i f  needed. The banks of developers,  ex t r ac to r s ,  and spray 
reagents  can be moved a t  r i g h t  angles t o  the  chromatography s t r i p  t o  
cen te r  t he  se l ec t ed  reagent  over the  s t r i p .  

_ _ _  _ _  _ - - - - -  - -  
OTS PRICE 

MlCROFlLH $ ____L 



- 2- 

S t a t u s  Report on NsG-209-62 (Cont'd) 

An ana lys i s  cons i s t s  of the  following sequence of operations:  
s o i l  sample from a sampling device i s  added t o  an ex t r ac t ion  funnel 
containing some s u i t a b l e  l i q u i d  (water,  buffered s a l t  so lu t ion ,  ac id ,  
base, organic solvent ,  e t c . )  and a g i t a t e d  by v ibra t ion .  
opera t ion  the  container  i n  which the  apparatus i s  housed i s  closed. 
After  ex t r ac t ion  a magnetic valve a t  the  bottom of the  ex t r ac to r  i s  
opened t o  admit a very slow flow of e x t r a c t  (from which s o l i d  p a r t i l c e s  
have been removed by a f i l t e r  p l a t e )  t o  the  paper. 
"sea cock" t o  the  luna r  o r  martian environment w i l l  al low the  drops 
t o  d r y  a s  they touch the  paper. 

A 

During t h i s  

The opening of the  

Af te r  a s u i t a b l e  sample has  been appl ied t o  t h e  paper t he  
e x t r a c t o r  valve and the sea cock a r e  closed, a s e l ec t ed  developer i s  
racked i n t o  p lace  and the  developing tank i s  f i l l e d  t o  the  l e v e l  
ind ica ted  by the  dot ted  l i n e .  The developer cannot migrate p a s t  
p o i n t  A towards t h e  reserve  r e e l  because of t he  p l a s t i c  impregnation, 
b u t  w i l l  migrate i n  the  d i r ec t ion  of the  takeup r e e l ,  thereby 
reso lv ing  some of t he  components of t he  mixture deposited a t  t he  
or ig in .  When the  so lvent  f r o n t  reaches the  l i m i t  contac ts ,  the  in-  
creased conduct ivi ty  a t  t h a t  point  s i g n a l s  an opening of the  valve on 
the developing tank and of the  sea cock. 
t h e  chromatogram d r i e s .  
chromatography s t r i p  i s  slowly moved i n  the  d i r e c t i o n  ind ica ted  f o r  
one u n i t  length.  
des i r ed  agent  may be appl ied (thioacetamide f o r  heavy metals, 
ninhydrin for amino ac ids ,  e t c . ) ;  and the react ior i  speeded, i f  need 
be, by passage over a heated wire. 
be scanned d i r e c t l y  i n  the  UV without app l i ca t ion  of reagents.  

The developer d ra ins  o u t  and 
The sea cock i s  again closed. Next t h e  

As it moves pas t  the  bank of sprag reagents  some 

Al te rna t ive ly ,  o the r  spo t s  may 

A s  t he  chromatogram moves pas t  t he  phototube, the  loca t ion  of 
spots  i s  t ransmit ted and recorded. A t  t he  completion of the  scan, the  
apparatus  i s  ready f o r  the  next  experiment. 
f l u i d ,  developing solvent ,  reagent used t o  make spots  v i s i b l e ,  R , and 
poss ib le  co lor  o r  spot ,  a good deal of organic  and inorganic  ana fys i s  
can be c a r r i e d  ou t  on luna r  and p lane tary  surfaces .  

Knowing the  ex t r ac t ion  

The enclosed photograph shows p a r t  of t he  labora tory  vers ion  of the  
ailtomatic paper chromatograph. 
paper s t r i p  f o r  chromatography, and the  p l a s t i c  cy l inder  embodies the  
pumping device which t r a n s f e r s  s o i l  e x t r a c t  t o  paper. The d e t a i l e d  
drawing shows the  i n t e r i o r  workings of  t h i s  pump which can t r a n s f e r  
measured amounts of s o i l  ex t r ac t s  on command. 

The g l a s s  chamber contains  a movable 
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111. Bacter io logica l  Studies  

Consideration of the  environment i n  which microorganisms may l i v e  
on o the r  p l ane t s  r a i s e s  problems which can be s tudied on ear th .  
Mars, f o r  ins tance ,  be indeed anaerobic, then it may provide a 
s u i t a b l e  environment f o r  a va r i e ty  of anaerobic bac te r i a  which a r e  not  
y e t  known on ea r th ,  bu t  which may e x i s t  here.  For instance,  i t  i s  
a t  p re sen t  no t  poss ib le  t o  envision a complete n i t rogen  cycle  i n  the  
absence of oxygen. 
depends on oxygen, according to  our p re sen t  knowledge. Should t h e r e  
be no oxygen on Mars, then w e  a re  forced t o  one of two conclusions: 
E i t h e r  t he re  i s  no n i t rogen  cycle and a l l  b io log ica l ly  important 
n i t rogen  is  always present  on the ammonia l e v e l ,  o r  t he re  e x i s t s  an anaero- 
b i c  mechanism f o r  arnmonia oxidation. One poss ib le  pathway which 
suggests  i t s e l f  i s  the  oxidation of ammonia by photosynthet ic  bac te r ia .  
Although no such organisms a r e  known a t  p resent ,  i t  might be p r o f i t a b l e  
t o  undertake a systematic search f o r  photosynthet ic  bac te r i a  which can 
u t i l i z e  ammonia a s  the  ex terna l  e l ec t ron  donor. 

Should 

The only method f o r  t h e  oxidat ion of ammonia 

Vie have begun a search f o r  organisms which may occupy o the r  
oxygen-free ecological  niches which according t o  our p re sen t  knowledge 
a r e  no t  y e t  occupied. Vie have succeeded i n  i s o l a t i n g  a photosynthet ic  
organism which appears t o  oxidize methane i n  the  presence of carbon 
dioxide.  
unknown organisms w i l l  c l a r i f y  our understanding of l i f e  i n  unfami l ia r  
environments. 
t o  be presented by me a t  t h i s  summer's COSPAR symposium. 

We bel ieve  t h a t  the  study of t h i s  and of o ther  a s  y e t  

This mater ia l  w i l l  be t h e  sub jec t  of another  paper 
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